In this study, the effects of adsorption parameters such as initial pH, initial dye concentration, temperature, and adsorbent dosage on the colour removal from aqueous solution containing Telon Blue AGLF(TB AGLF) textile dye were investigated by NiO-based nanomaterials and then the compliance of the equilibrium data with the different isotherm models in the literature was evaluated. In the next step, the adsorption system was analyzed regarding kinetics and thermodynamics. At the end of the study, XRD, SEM and FTIR analysis methods were used for the particle characterization. As a result of the experimental studies, it was detected the successful use of NiO-based nanomaterials synthesized by aqueous solution method rarely seen in literature for color removal. Through this study, it is believed that the additional contributions are provided to the scientific investigations about the recovery of the water resources.
INTRODUCTION
Many harmful organic and inorganic substances such as aromatic compounds, heavy metals, and dyestuffs exist in the content of the wastewater from different industries. The main branches of industries produce colored wastewaters are textiles, leather, printing, laundry, tannery, rubber, plastic, and paint. Wastewaters containing dyestuffs can be noticed easily as well as they may cause reduction of gas solubility and light scattering (1) .
Also, it is known that the majority of dyestuffs and pigments have harmful effects on human and aquatic life (2) .
Due to the adverse effects of dyestuffs on flora and fauna, wastewater containing this pollutant should be necessarily treated before discharging to the receiving environment.
Conventional treatment methods for dyestuff-containing wastewater are coagulation, flocculation, ion exchange, membrane processes and oxidation (3). High energy expenses, insufficient pollutant removal efficiency and the formation of different toxic wastes require a new treatment methods are important restrictions that have made these methods unpreferable (4) . According to the scientific researches in recent years, it has proved that dyestuffs resist to biologic degradation because of their high molecular weight and some inert materials in their structure (5) . When compared to other treatment methods, adsorption is known as a preferable treatment technic from the viewpoint of high removal efficiency and the ease of operation (6) . In addition to ease of operation and high color removal yield, the other important advantages of this method are compatibility with the environment and low cost-effectiveness (7) . If it is searched the current investigations in the literature, it is seen that highly qualified, different and alternative adsorbents are used for wastewater treatment by adsorption. Various adsorbents (activated carbon, bentonite, clay, silica gel, alumina, banana peel, kaolinite clay, wood, bagasse) have been investigated and used for the removal of dyes from wastewater (8) . Some of these adsorbents cannot be widespread used because of their high cost, difficult disposal and regeneration difficulties. In recent years, with the development of nanotechnology, nanoporous and nanostructured materials have been selected as an adsorbent for water treatment processes. These materials exhibit a higher removal capacity for dyes, which has become the focused research area of magnetic separation technology because of their excellent physicochemical characteristics and larger specific surface areas. Especially, metal nanoparticles (NPs) with controlled size and shape are of considerable interest because of their morphology-dependent properties (9) and potential applications in a lot of fields (10) . In this study, color removal was investigated from an aqueous solution containing Telon Blue AGLF dye by selective, easily reproducible, inexpensive and green NiO-based nanoparticles because of their excellent physicochemical characteristics and larger specific surface areas providing high removal capacity for dyes. In addition, the interaction between the adsorbent and the solution was investigated using classical methods, the effects of adsorption variables on color removal from wastewater and the most relevant experimental conditions were determined. At the last stage, adsorption equilibrium, and thermodynamics were investigated, and adsorption mechanism was analyzed by kinetic model equations.
MATERIALS AND METHODS

Chemicals
NiSO4 and Ni(OH)2 used in nanomaterial synthesis were purchased from Sigma-Aldrich. 
NiO-based Nanomaterial Synthesis
In experimental study, removal of colour from synthetic wastewater containing TB AGLF dye was investigated by using the average particle size of 100 nm NiO-based nanomaterials synthesized by aqueous solution method According to this method, 2.0 g of dried NiSO4
was added to 25 mL of 1 M Nickel hydroxide, at 200 rpm stirrer speed for 1 h. The Nidiatomite material was separated by filtration. The calcination process was carried out by placing modified diatomite sample in the furnace at 250°C for 4.5 h. The synthesized nanomaterial was then allowed to cool in a desiccator (11) . Figure 3 shows the spectra of XRD (X-ray Diffractometer) analysis spectra to determine the adsorbent phases and crystal properties used in the adsorption of Telon blue AGLF. In XRD analysis, the presence of large-scale peaks in the structure of the NiO-based nanomaterial shows that the crystals are small or structurally irregular, or both are valid, as well as regions of amorphous structure on the material other than the crystal structure (15) . SEM analyses were carried out to investigate the surface properties before and after the adsorption of nanoparticle used in the adsorption of Telon blue AGLF. From the SEM images before and after adsorption (Fig.4) , it is determined that caves, pores, and surfaces of NiObased adsorbent covered by dye molecule and the surface have become smoother (16) .
Investigation of the Effects of Adsorption Parameters on Colour Removal
The batch experiments were classified into four parts. Firstly, the effect of solution pH was As it seen from Table 1 . n is the density of adsorption.
Temkin isotherm model is found by assuming that the decrease in adsorption energy is not exponential but linear as in the Freundlich equation. The following formula expresses this adsorption isotherm:
where b is the model constant about adsorption heat (J mol -1 ), R is İdeal gas constant
and T is temperature (K).
Freundlich and Temkin isotherm model graphs representing the experimental data are given in Fig.7 and Fig. 8 . Kinetic models investigated the mechanism of sorption and potential rate controlling steps, which is helpful for selecting optimum operating conditions. There are two commonly used kinetic models in mechanism investigations. In order to analyze the adsorption kinetics of TB AGLF onto NiO-based nanomaterials, compatibility of pseudo first-order and pseudo second order kinetic models with the experimental data was investigated. The pseudofirst-order rate expression (19) is expressed as follows Eq (3) and (4), respectively:
where qe is the amount of dye adsorbed at equilibrium (mg/g), qt is the amount adsorbed at time t (mg g -1 ), k1 is the rate constant of first-order adsorption (min -1 ).
with the application of integration and boundary conditions, t=0 to t and qt=0 to qe; the form of equation (3) becomes:
log (qe−qt)=log qe−k1t /2.303 (Eq. 4)
By plotting (qe-qt) values versus t the value of adsorption rate constant k1 for the adsorption was determined.
The pseudo second order rate equation (21) is expressed by the following formula: dqt/dt = k2(qe−qt) (Eq. 5)
Where k2 is the rate constant of second order-adsorption (g/mg.min).
For the same boundary conditions the integrated form of equation (5) The constants obtained by plotting the linear forms of the models with the regression coefficients for both models are shown in Table 4 . When Table 4 Table 5 .
According to Table 5 , it is determined that adsorption onto NiO-based nanomaterial is endothermic (ΔH> 0), stable without structural change at the solid/liquid interface (low ΔS value), and a spontaneous (ΔG˂0). (22, 23) .
CONCLUSION
In this study, color removal was investigated by using NiO-based nanomaterials from synthetic wastewaters containing TB AGLF dye, and it was observed that high yield The most significant contribution of this investigation to the world and our country is to prove the sustainability of scientific researches in accordance with the economically and the efficient treatment processes about the recovery of the polluted water resources.
